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Major oxide, trace element and glass chemistry pertinent to regional correlation
of Grande Ronde Basalt flows, Columbia River Basalt Group, Washington 

By Margaret T. Mangan, Thomas L. Wright, Donald A. Swanson and Gary R. Byerly

INTRODUCTION

Data pertinent to a regional flow correlation study in the Grande 
Ronde Basalt are presented in this report. It is designed to supplement 
Mangan and others (in preparation) in which the correlations are used to 
identify and characterize individual eruptive events occurring during 
Grande Ronde time.

The flood basalts of the Columbia River Basalt Group cover over 
200,000 km2 of Washington, Oregon and Idaho. An estimated 300,000 km 3 or 
more (Reidel and others, 1982) of tholeiitic basalt erupted over a period of 
11 m.y. beginning about 17 m.y. ago and covered the province to a depth of 
approximately 1 km.

The Grande Ronde Basalt which is the most voluminous formation within 
the Columbia River Group, consists of four magnetostratigraphic units 
designated N2» R2» NI, RI from youngest to oldest. These magnetostratigraphic 
units consist of numerous flows and provide the broad stratigraphic framework 
for the Grande Ronde Basalt (Swanson and others, 1979). The regional 
extent of individual flows within the magnetostratigraphic units is not 
easily determined, as nearly all flows are aphryic and fine-grained with no 
distinctive field or petrographic characteristics. We have found that 
major element chemistry combined with relative stratigraphic position 
within magnetostratigraphic units form the only reliable basis for correlating 
Grande Ronde .flows on a regional scale.

Most Grande Ronde flows fall into one of five major chemical groupings 
(referred to as regional chemical types 1 through 5) which are distinguished 
primarily by small but significant variation in MgO, TiO? and P205 content. 
In addition to the five regional chemical types, four chemical types local 
to the eastern part of the province have been identified. These local 
chemical types are referred to as LH2, MG6, AS16, KB5, with each name 
reflecting a particular reference locality.

Flows of each regional chemical type delimit specific chemical - 
stratigraphic subunits within the N2 and R2 units in the Grande Ronde. The 
earliest Grande Ronde flows are exposed in only a few areas of the Columbia 
Plateau, prohibiting widespread correlation of HI and RI flows.



ANALYTICAL METHODS AND CORRELATION PROCEDURE

Major oxide chemical analyses were obtained from three different 
laboratories as outlined in published U.S. Geological Survey open-file 
reports (Wright and others, 1979, 1980, 1982). The laboratories and 
analytical methods used are: (1) U.S. Geological Survey, Reston; rapid 
rock (RR), (2) U.S. Geological Survey Menlo Park; x-ray fluorescence (XRF), 
and (3) Washington State University; x-ray fluorescence (WRU).

In order to ensure comparibility of analytical data, splits from each 
of six reference samples of Columbia River Basalt were simultaneously 
analyzed in the U.S. Geological Survey, Menlo Park and Reston laboratories 
to detect the presence of any systematic interlaboratory analytical bias. 
Splits from three of the reference samples were also analyzed in the WSU 
labs. The differences between WSU and USGS Reston laboratories was also 
evaluated by making a graphical determination of analytical bias between 
average chemistries and major Columbia River Basalt chemical-stratigraphic 
units for which a body of analyses was available from each laboratory. The 
magnitude of the analytical biases are not constant within the reference 
samples although their sign is generally the same. The average interl aboratory 
analytical biases in weight percent oxide are as follows:

Oxide RR 1 XRF 2 WSU 3

Si0 2 '0.00' -0.74 +0.33
A1203 '0.00' 0.00 -0.48
'FeO 1 '0.00' +0.35 -0.30
MgO '0.00' +0.01 +0.16
CaO '0.00' -0.08 -0.17
NaoO '0.00' -0.11 +0.20
K 2 0 '0.00' +0.07 -0.07
Ti02 '0.00' +0.04 +0.02
P?05 '0.00' +0.09 +0.05
MnO '0.00'

1 Reference laboratory; U.S. Geological Survey, Reston, Rapid 
Rock Analyses.

2 U.S. Geological Survey, Menlo park, X-Ray Fluorescence Analyses. 
RR = Bias + XRF

3 Washington State University, X-Ray Fluorescence Analyses. 
RR = Bias + WSU

The use of three different laboratories was governed by availability 
of rapid analytical support at different stages in the project. Most of 
the field sections studied were analyzed in the Menlo Park XRF laboratory 
with the exception of the following sections which were analyzed in Reston: 
Casey Creek, Palouse Falls, Yakawawa, Marengo Grade, North Patit Creek, 
Eckler Mountain, Upper Petti John, Newby Mountain, Chase Mountain, Godman 
Trig, Tramway, Green Fork, East of Jasper, Pioneer Park and Petti John 
Summit. The WSU laboratories analyzed some out-of-section samples (see 
table 6) and a few dikes.



Flow correlations and chemical types within the Grande Ronde Basalt 
were defined independently for the eastern and western areas of the Plateau 
using samples from closely spaced sections in each area, using the method 
of Wright and Hamilton (1978). Later, the sequence of chemistries in the 
eastern and western sections was examined and gross similarities were 
discovered. Chemical types in each area were defined by allowing the 
total chemical variation within each type to approximate that shown by the 
Roza flow (see Wright and Hamilton, 1978) known to consist of several flow 
units defining a single eruptive sequence. Eastern and western sections 
were then compared (taking the estimates of analytical bias into account 
when appropriate) in order to make the regional flow correlations presented 
in Mangan and others (in preparation). These final flow correlations were 
made using the known stratigraphic sequence and by cross correlation of 
chemistries. Using the program of Wright and Hamilton (1978), chemistries 
defined for the eastern sections were identified in terms of chemistries 
defined for the western sections and vice versa. [Note: the data of 
Tables 2A and 2B are given as analyzed. The bias corrections when needed 
were made in the program before identification.] Chemistries that correlated 
both ways were accepted as legitimate plateau-wide correlative units. That 
is, given the following hypothetical sequence of chemical types:

West East

A I
B 2
C 3
D 4
E 5
F 6

If A^ was identified as 2^ using Eastern chemical types as a reference 
set, and 1 was identified as _A, using western chemical types as a reference 
set, then 1 and A were established as correlative stratigraphic unit. 
Chemistries which (1) didn't correlate at all, (2) correlated with chemistry 
far removed in stratigraphic order (i.e., A identified as 5 after 2 and B 
had been established as a correlative unit), or (3) correlated in only one 
direction, were not defined as regionally correlative units but assumed to 
be of more local extent.

Flows collected in the course of regional mapping that did not occur 
in measured sections were identified in terms of chemistries defined for 
nearby sections. Flows analyzed by WSU later in the project were associated 
with either the eastern or western chemistries, depending on the sample 
location, and after applying the appropriate bias. These were then correlated 
with either regional or local flows depending on the specific chemical 
identifications within the framework set up by samples in the measured sections.

Trace elements from flows whose major oxide chemistry had previously 
been analyzed were all analyzed in U.S. Geological Survey, Reston labora­ 
tories using three different methods, instrumental neutron activation 
analysis (INAA), x-ray fluorescence (XRF) and atomic absorption spectroscopy 
(AAS). The following elements were analyzed using the indicated techniques:



INAA: Ba, Co, Cr, Cs, Hf, Rb, Ta, Th, U, Zn, Zr, 
Sc, La, Ce, Nd, Sm, Eu, Gd, Tb, Yb, Lu

XRF: Ba, Nb, Rb, Sr, Y, Zr (denoted BaX, NbX etc. in succeeding tables) 

AAS: Cu, Ni

In general, the relative values of Ba, Rb, and Zr measured both by 
INAA and XRF agree. The XRF values were found to be more precise. Both 
XRF and INAA values are given for these elements in succeeding tables.

Electron microprobe analyses of glasses given in this report were 
done by Gary R. Byerly and Tim O'Hearn using the electron microprobe at 
the Department of Mineral Sciences, Smithsonian Institution, using methods 
given by Byerly and others (1977).

LISTING OF DATA TABLES WITH EXPLANATORY COMMENTS

Table 1. Location of Field Sections: D. Swanson, T. Wright and G. 
Byerly collected 47 of the field sections studied. These 
sections, which form the framework of the correlation study, 
are located in Washington within 2 geographic areas: 1) in 
the Blue Mountains and along the Snake River, in the eastern 
part of the province and 2) along the Columbia River in the 
north-northwestern part of the province. One field section, 
Divide Ridge, is located along the eastern margin of the 
Cascade Range in Washington. Field section abbreviations 
are given in parentheses.

Table 2A. Major Element Analyses of Flows, Snake River-Blue Mountains 
Sections: Analyses are grouped according to the appropriate 
chemical-stratigraphic subunit, which are arranged in stratigraphic 
order with the uppermost unit (1A) at the top of listing. 
Units of each chemical type, with the exception of type 1, are 
repeated at irregular intervals within the stratigraphic 
sequence. Flows of type 2 chemistry are repeated six times 
(units 2A-F); type 3 seven times (units 3A-G); type 4 three 
times (units 4A-C); and type 5 nine times (units 5A-I). Flows 
of local chemistry (designated LH2, MG6, KB5 or AS16) and of 
ambiguous chemistry (designated GRB unclassified flow) are 
included in table 2A in the appropriate stratigraphic position. 
The N£/R£ and R£/NI magnetic polarity boundaries are inserted in 
the proper stratigraphic positions. Analyses for the Horton 
Grade (except 72-292,293), New York Bar, Lower Long Hallow, 
Patrick Grade, Little Goose, Swift Bar, Almota Schultz Bar, Toe, 
Kelly Bar, Tramway, Aquia Creek, and Pataha Creek section were 
done in Menlo Park. The others were done in Reston.



Each flow is identified by a sample number and a sample 
name (given under "section" in Table 2A), which is composed of 
three entities: 1) a two-letter abbreviation reflecting the 
geographic location of the field section; 2) a numeral indicating 
the relative position of the flow counted sequentially from 
the top of the section to the base; and 3) the magnetic polarity 
of the flow. Thus DC1N2 (#71-103) is the top flow in the Devils 
Canyon Section and is within the N2 magnetostratigraphic unit.

An asterisk preceeding the sample number indicates a tenta­ 
tive correlation. The analysis is not included in the averaging 
calculation. In all tables total iron is reported as FeO.

Table 2B. Major Element Analyses of Flows, Columbia River Sections:
Table 2B is constructed in the same fashion as 2A. The analyses 
from the Snake River-Blue Mountains sections and the Columbia 
River sections are listed separately in order to compare the 
stratigraphy observed in the source region (the east) with 
that observed away from the source (the west). Comparison of 
the two tables show that many of the chemical-stratigraphic 
subunits present in the east do not occur in the western part 
of the province. All analyses were done in Menlo Park except 
those for the Divide Ridge section which were done in Reston.

Note that the Divide Ridge samples do not follow the 
general scheme for naming flows in section.

Table 3. Major Element Analyses of Dikes: Feeder dikes of each chemical 
type have been identified.The locations of dikes are given 
in Wright and others (1980 and 1979), however, not all of the 
Grande Ronde dikes reported by Wright can be unequivocally 
identified in terms of the chemical types presented here. In 
general, compositional variability is greater in dikes relative 
to flows. In the field, flows are generally fresher than 
dikes and it is likely that the variability observed in dike 
chemistry is due to alteration. Analyses are grouped according 
to chemical type. Dikes of ambiguous chemistry are not included. 
Most analyses were done in Reston. Samples 72-165, 74-235, 
75-151, 76-241, 78-462 are WSU analyses.

Table 4A and 4B. Major Element Analyses of Dike and Pillow Glasses:
Analyses of dike glasses are from rapidly quenched dike selvages 
(Table 4A); analyses of pillow glass (Table 4B) are from the 
glassy rind formed when flows entered water or wet sediments. 
The dike-pillow distinction between glass samples is also a 
geographic distinction as basalt pillows are mostly found in 
the western field sections and known dikes are confined to the 
eastern half of the province. Sampling locations for all 
glass specimens are given in Wright and others (1979, 1980 and 
1982). All glass analyses are grouped according to chemical 
type.



Table 5A and 58. Trace Element Data: Flows and Dikes: In Table 5A,
flows from eastern and western field sections for which trace 
element data are available are combined and grouped according 
to the appropriate chemical-stratigraphic subunit. The available 
trace element data for identified dikes are given in Table 5B.

Table 6. Additional Grande Ronde Samples: Identifications and Locations: 
Analyses of grab samples collected by O.A. Swanson and T.L. 
Wright during the course of reconnassiance mapping T)f the 
Columbia Plateau are given in Table 6. The location of each flow 
collected is given in columns 13-16 (W = Washington, 0 = Oregon and 
I = Idaho) and the chemical-stratigraphic subunit to which the 
flow is tentatively assigned is given in column 12. Analyses 
were done in the following labs:

Reston: 71- , 72- , most 73- , 74- , 75- , 76-

Menlo Park: 78-1 to 78-286, SB76- , SB77- , 73-335, 
73-342, 73-347, 73-363, C-

WSU: 78-003 to 78-079, 78-106 to 78-130, 
78-217, 78-225, 78-235 to 78-237, 
78-300 to 78-472, 79- , 80-
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Table 1. Locations of field sections.

SNAKE RIVER SECTIONS

LOCATION

SECTION NAME

Devils Canyon (DC)
Palouse Falls (PF)
Little Goose (LG)
Private Road (PR)
New York Bar (NY)
Horton Grade (HG)
Lower Long Hollow (LH)
Swift Bar (SB)
Almota-Shultz Bar (AS)
Tramway (TA)
Casey Creek (CC)
Kelly Bar (KB)
Yakawawa (Y)
Toe (T)

COUNTY

Frankl in
Frankl in
Whitman
Columbia
Garfield
Whitman
Whitman
Whitman
Whitman
Whitman
Garfield
Whitman
Whitman
Whitman

1:250,000 SHEET

Walla Walla
Walla Walla
Walla Walla
Walla Walla
Pul Iman
Pul Iman
Pul Iman
Pul Iman.
Pul Iman
Pul Iman
Pul Iman
Pul Iman
Pul Iman
Pullman

SECTION

NW/SW 34-SE/SW 9
SE/SW 30
SE/SW 22-NE/NW 27
NE/SE 2-NW/NW 11
NE/SE 18-NW/NE 13
NW/SE 11-SW/NE 13
NW/NW 15
SE/SE 19
SE/SE 15-NW/NE 13
NE/NE 34-NE/SW 34
NE/NW 1-SW/SE 35
NW/SW 35-SW/NE 2
SW/SW 26
SE/NE 31-NE/NE 1

TOWNSHIP

13N
14N
13N .
12N
13N
14N
14N
14N
14N
14N
13-14N
12N
13N
11-12N

RANGE

34E
36E
38E
38E
40E
40E
41E
42E
42E
43E
42E
44E
44E
44-45E

BLUE MOUNTAINS SECTIONS

SECTION NAME

Aquia Creek (AC)
Marengo Grade (MG)
Pataha Creek (PC)
North Patit Creek (NP)
Patrick Grade (PG)
Eckler Mountain (EM)
Upper Pettijohn (UP)
Newby Mountain (NM)
Chase Mountain (CM)
Godman Trig (GT)
Table Rock (TR)
Green Fork (GF)
East of Jasper Mtn (EJ)
Pioneer Park (PP)
Pettijohn Summit (PS)

COUNTY

Garfield
Columbia
Garfield
Columbia
Co 1 umb i a
Columbia
Columbia
Columbia
Columbia
Columbia
Columbia

LOCATION

1:250,000 SHEET

Pul Iman
Pul Iman
Pul Iman
Pullman
Pul Iman
Pul Iman
Pul Iman
Pul Iman
Pul Iman
Pul Iman
Pul Iman

Walla Walla Pullman
Columbia
Columbia
Columbia

Pul Iman
Pul Iman
Pul Iman

SECTION

SW/SW 11-SW/NE 18
NE/NE 12-SW/SE 12
SW/NW 2-NW/NW 11
NE/NW 9
NW/NW 24-NW/NE 25
SW/NE 27-SW/SW 27
SW/NW 8
NW/NE 26
NE/NW 32
NE/SE 10- SW/SW 11
NW/NE 3
NE/SW 18-SE/SE 13
SW/NE 19
NW/SW 4
NW/NE 32

TOWNSHIP

UN
UN

9N
9N
9N
9N
8N
8N
8N
7N
6N
7N
8N
9N
9N

RANGE

43-44E
40E
42E
41E
40E
40E
39E
39E
40E
40E
39E
38-39E
39E
40E
39E

COLUMBIA RIVER SECTIONS

LOCATION

SECTION NAME

Lincoln (L)
Keller Ferry (KF)
Spring Canyon (SC)
Lake Lenore (LL)
Douglas Creek (DC)
Moses Covlee (MS)
Keane Ranch (KR)
Rock Island Dam (RI)

* Alcoa (A)
* Rocky Point (RP)

Cape Horn (CH)
Cresent Bar (CB)
Quilomine Bay (QB)
Brushey Creek (BC)
Stray Gulch (SG)
Naneaum Canyon (NC)
Corbaly Canyon (CC)
Divide Ridge (DR)

COUNTY

Lincoln
Lincoln
Lincol n
Grant
Douglas
Douglas
Douglas
Oouglas
Chelan
Douglas
Kittitas
Grant
Kittitas
Kittitas
Kittitas
Kittitas
Dougl as
Yakima

1:250,000 SHEET 'SECTION TOWNSHIP

Ritzville
Ritzville
Ritzville
Ritzville
Ritzville
Ritzville
Wenatchee
Wenatchee
Wenatchee
Wenatchee
Wenatchee
Ritzville
Wenatchee
Wenatchee
Wenatchee
Wenatchee
Wenatchee
Yakima

NE/NE
NE/SE
SE/SW
SE/NE
SW/SW
NW/NW
SE/SW
SE/SW
NE/NW
E/NW
NE/NW
NE/SE
NE/SE
NE/NW
NW/NE
NW/NW
SE/SW
SE/SE

19-NE/NW 20
1-SE/SW 31
17-NE/SW 17
27-SW/NW 26
30
1-NE/NE 2
29-SW/SW 29
4
6-NW/NE 6

22
21-SW/NW 16
19
26-SE/NE 26
30-SE/SW 19
3-SW/SW 35
2-NE/SE 4
18-NW/NE 24
21-SW/SW 15

27N
27-28N
28N
23N
23N
22N
22N
21N
21N
21N
20N
20N
19N
19N
19-20N
19N
25N
13N

RANGE

35E
32-33E
31E
26E
24E
23E
22E
22E
22E
22E
22E
23E
22E
22E
21E
19E
22-2IE
14E

* Glass analyses available only.
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